ABSTRACT. A 110K-dalton phosphoprotein previously was isolated from the nucleoli of mouse ascites sarcoma cells. The localization of this phosphoprotein in the nucleoli was confirmed by an indirect immunofluorescence assay with rabbit antisera to the phosphoprotein.
A previous paper from this laboratory reported the existence of a nucleolus-specific phosphoprotein that constitutes 6 to 8 per cent of the total nucleolar proteins in mouse ascites sarcoma cells (11). This phosphoprotein has a rapid turn-over rate of phosphate metabolism, but a stable rate of amino acid metabolism. Results also showed that with isolated nucleoli or a nucleolar chromatin fraction in vitro this phosphoprotein did not stimulate ribosomal RNA synthesis, the predominant synthetic reaction in the nucleoli (14) .
There have been several reports on the presence of similar phosphoproteins in the nucleoli and nuclei of various mammalian tumor cells. Moreover, this phosphoprotein may be related to a silver-stainable protein localized in the nucleoli of interphase cells and the nucleolar organizer region on chromosoms of metaphase cells (17, 18, 29) .
The biological roles of the phosphoprotein in the structure and function of the nucleoli, however, are not yet known. In our studies on the biological function of this nucleolus-specific phosphoprotein, investigations were made of the location, properties and functions of the phosphoprotein. Results show that the phosphoAbbreviations used : SDS, sodium dodecylsulfate; PBS, phosphate buffered saline.
protein (110K daltons) formed a protein complex with a non-phosphoprotein moiety (32K daltons) in the nucleoli and bound preferentially to nucleolar DNAs other than that of the ribosomal RNA genes, also that it is located in the nucleosome structure of the nucleoli. The phosphoprotein could be phosphorylated in vitro with the protein kinase activity present in the protein complex. Quantitative analysis of the two protein subunits using the distribution of radioactivity in the two components derived from the 280K-protein complexes isolated after prolonged labeling with a [3H] amino acid mixture in vivo (Fig. 5A ) and the direct determination of the protein content in the separated subunits is strong evidence that the protein complex consists of two kinds of molecules ; two 110K-dalton subunits and two 32K-dalton subunits. Thus, we concluded that the nucleolus-specific phosphoprotein (110K daltons) is tightly associated with a non-phosphoprotein (32K daltons).
MATERIALS AND METHODS

Preparation
Properties of the two protein constituents in the complex. To exclude any possibility that the 32K-dalton protein is a degradation product of the 110K-dalton protein, we compared the properties of these two constituents. Distinct differences were found in their V8 protease peptide-mapping patterns (Fig. 6 ) and in their incorporation of 32P in vivo (Fig . 5 ) even though both proteins were acidic (32K =pI6.2, 110K= p16.2 and 6.25) and had similar amino acid compositions (Table 1) .
Analyses of phosphoamino acids in the phosphoprotein and protein kinase activity of the phosphoprotein complex in vitro. As stated the radioactivity of this phosphoprotein after 32P incorporation in vivo was localized mainly in a specific peptide fragment (about 30K daltons) after V8 protease digestion (Fig. 7) . This suggested that the phosphoamino acid site is in a specific region of this protein polypeptide.
Previously we found that the phosphate in the 110K protein mainly was present in serine, a little being present in threonine residues (11). Recent reports have been made of the phosphorylation of tyrosine residues in several phosphoproteins present in various subcellular components (including nuclei) in relation to cell proliferation and transformation (2, 8). Therefore, we tested for the presence of phosphotyrosine in the 110K protein using two dimensional high voltage electrophoresis. When the a hydroxylapatite column did have protein kinase activity in vitro (Table 2) , and the 110K phosphoprotein was heavily phosphorylated (Fig. 9) . In this case, it was serine residues that predominantly were phosphorylated. The phosphoprotein complex fraction further purified by Sephacryl S-300 column chromatography also was autophosphorylated in vitro.
These results indicate that the phosphorylation of the 110K-dalton protein both in vivo and in vitro is caralyzed mainly, if not entirely, by the protein kinase activity of the protein complex itself. In so far as we have tested, the complex showed no RNA polymerase, ATPase, poly(ADP-ribose) polymerase or protease activities (data not shown).
Binding of the phosphoprotein complex to nucleolar DNA in vitro, and the presence Fig. 9 . Phosphorylation of the 280K-dalton protein complex in vitro. The 280K-dalton protein complex was purified as described in MATERIALS AND METHODS. Experimental conditions for the phosphorylation reaction in vitro were based on the method of Richert et al. (27) . Labeled samples were analyzed by SDS-polyacrylamide gel electrophoresis (16) and subsequent autoradiography. (Fig. 10) . DNA in the respective mono-and di-nucleosomal fractions had approx. 150 and 300 base pairs. Results clearly indicated that there were mono-and di-nucleosomal fractions in the lysate. The phosphoprotein was found mainly at the top of the sucrose gradient although small but significant, amounts of the protein were present in the mono-and di-nucleosomal fractions (Fig. 10) . We therefore concluded that part of the phosphoprotein complex is bound to nucleolar DNA, but not to the DNA of the ribosomal RNA gene and that it is located in the nucleosomal structure of the nucleoli in situ. Studies in these areas are now in progress in our laboratory.
